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Abstract

The Bisotun bridge was built across the Dinavar Ab River, flowing on the eastern outskirts
of the present-day town of Bisotun. The construction of the bridge’s substructure was
initiated in the late Sasanian period, but the program was abruptly terminated, as is
the case with other Sasanian projects in Bisotun. Subsequently, the Hasanwayhids, a
local Kurdish dynasty in western Iran, completed the construction of the bridge. High
traffic and natural hazards such as floods and earthquakes have inflicted damage upon
the bridge in subsequent periods, i.e., from the Saljuq era to the first Pahlavi period.
Consequently, governments made considerable efforts to restore or reconstruct various
parts of the bridge. Workshops were established at a short distance northeast of the
bridge to provide construction materials for the restoration and reconstruction of the
damaged parts. To the northeast of the bridge, there exists a low mound measuring 50
m in length and 40 m in width. The mound was excavated in 2002 under the direction
of the present author, revealing four distinct archaeological strata. The earliest layer
(D) includes a seasonal settlement from the Qajar period. Layer Il contains a cemetery
from the same period. Layer III encompasses several brick and lime kilns, dating
back to the Ilkhanid and Qajar periods. Layer IV yielded parts of a stone-cutting
workshop from the late Sasanian/ Hasanwayhid period. This article aims to provide
the first comprehensive description of the findings within each archaeological stratum,
using historical and descriptive-analytical research methods. We will also propose a
chronological framework for the excavated materials based on archaeological evidence
and thermoluminescence dating analysis. Furthermore, the article will delve into the
production processes of brick and lime produced in the excavated kilns. Moreover, we
will provide insights into the process by which the stone blocks were produced in the
stone-cutting workshop.
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Introduction

The Bisotun Bridge is located on the eastern outskirts of the present-day town of Bisotun,
on the “Great Khorasan” highway to Baghdad, spanning the Dinavar Ab River (Fig. 1).
The bridge is 145 m long and consists of six spans. The bridge piers are constructed of
well-dressed stone blocks, while the walls, buttresses, and vaults are made of bricks.
Archaeological excavations and architectural studies have revealed that the bridge
has been constructed, reconstructed, and repaired in eight distinct stages, occurring at
different times ranging from the late Sasanian period to the first Pahlavi era.

On the northeast side of the bridge, there was a low-laying mound measuring 50 m
in length and 40 m in width (Figs. 2-3). This mound was covered with a considerable
amount of kiln slag, fragments of baked bricks in various sizes, and stone blocks. These
findings indicated the presence of workshops related to the production of building
materials for the initial construction and/or repair of the bridge. In 2002, the mound
was partially excavated under the direction of the present author. The archaeological
deposits of the mound had an approximate thickness of 3.50 m. The excavation was
carried out with two objectives. First, to identify the potential workshops involved in
the production of building materials used in the construction of the bridge. Second, to
shed light on the processes by which the building materials were produced in these
workshops.

This article aims to first provide a detailed description of the findings from each
archaeological stratum, employing historical and descriptive-analytical research
methods. Subsequently, by utilizing archaeological evidence and thermoluminescence
dating analysis, we will determine the dates of the architectural structures under
investigation. Furthermore, we will endeavor to explain the processes and techniques
employed in the production of brick and lime production based on the layout and
architectural characteristics of each kiln. Moreover, we will discuss the process by
which finely cut stone blocks were produced in the stone-cutting workshop. We intend
to address the following questions, drawing on historical documents and archaeological
evidence:

1. During which period were the excavated workshops actively in operation?

2. What were the production processes of building materials in these workshops?

3. Can we establish a chronological framework for the excavated cemetery?

4. Are the graves associated with one religious group, or do different groups of graves

represent diversereligious affiliations?

The site

During the excavation of the mound, a stone-cutting workshop from the late Sasanian or
Hasanwayhid period was discovered. In this workshop, stone blocks for the construction
of the bridge piers were skillfully dressed (Fig. 4). The workshop suffered damage due

to the subsequent construction of brick and lime kilns (Figs. 5, 7, and 17). Nonethless,
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twelve cut stone blocks of varying sizes and shapes were found in the excavated area.
Furthermore, the excavation revealed three kilns (Figs. 5-6) engaged in the production

of bricks and lime.

Kiln 1

This kiln is oriented in a north-south direction, and only its furnace has survived. The
furnace represents three construction phases. In Phase I, it had a rectangular plan with
external dimensions of 7.50 m in length and 4.80 m in width (Figs. 7-8). The relatively
modest size of the furnace indicates that it was likely not intended for extensive brick
production but rather for the supply of bricks for the reconstruction and repair of the
bridge during the Ilkhanid period. In Phase II, the furnace’s plan turned to a circular
shape, with a diameter of 3.30 m and a height of 2.10 m (Figs. 7 and 16). In Phase III,
another air flue was built upon the one from Phase II. During Phases II and III, this
kiln was used for lime production. Originally functioned as a brick-manufacturing kiln

during the Ilkhanid period, it was transformed into a lime kiln in the Qajar period.

Kiln 2

This kiln has an approximately circular plan (Figs. 17-18). The inner diameter of the
kiln ranges from 2.50 to 2.60 m, while the remaining height of its walls stands at 3.30
m (Figs. 19-21). Within the kiln, there is a channel oriented in a north-south direction,
allowing the inflow of air for the combustion of fire inside the kiln. The presence of
substantial quantities of lime inside the kiln strongly suggests its use in the production

of lime for the repair of bridge piers.

Kiln 3

This kiln has a circular plan with a varying inner diameter. The kiln’s dimensions include
a diameter of 1.80 m from the floor up to a height of 55 cm, a diameter of 2.40 m from
there to a height of 1.20 m, and a diameter of 2.70 m from that point to the highest part
of the wall (Figs. 24-27). The channel on the floor of the kiln is designed to facilitate air
circulation. Three additional channels, sharing similar characteristics, have been built
on top of this primary channel. Similar to kiln 2, the presence of substantial quantities
of lime inside the kiln indicates that it was used to produce lime for the repair of bridge

piers.

Conclusion

The excavation of the mound has yielded four distinct archaeological strata. Layer
I represents a seasonal nomadic settlement dating back to the Qajar period. Layer I1
consists of a graveyard from the Qajar period. Layer Il contains three kilns used for
brickmaking and lime production, which can be dated back to the Ilkhanid and Qajar

periods. Layer IV reveals a stone-cutting workshop, likely dating back to the Sasanian
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or Hasanwayhid period. The proximity of these kilns and the stone-cutting workshop
to the bridge indicates that these workshops were established nearby to facilitate the
construction process and ensure a readily available supply of building materials.

The brick-manufacturing kiln discovered in the excavation is an extensive open kiln
with fixed bricks and a stationary fire. It appears to lack an upper chamber or enclosed
walls. In this kiln, the brick-making process involved stacking mud bricks on top of
the kiln’s furnace to form cylindrical, square, or polygonal brick towers. These bricks
were arranged with gaps between them to allow for the circulation of air, hot gases, and
flames. Openings in the lower rows connected to the kiln’s fire vents, facilitating heat
transfer. After the initial firing, the baked bricks were removed, and fresh bricks were
placed for the next firing. The design and operation of this kiln closely resemble those
from the Sasanian period, suggesting little change in brick production technology over
time.

The lime kilns are of the pit type with a circular layout. These kilns relied on limestone
and a fixed fire, resulting in uneven temperature distribution and variable lime quality.
Often, stones remained either uncalcined or partially burned. Lime production involved
two methods: arranging limestone around the kiln’s circumference, with heat generated
in the central empty space, or stacking alternating layers of charcoal and limestone
inside the kiln. The top of the kiln was sealed with mud mortar. These kilns were used
during the Qajar period to produce lime for bridge pier repairs.

Within the stone-cutting workshop, stone blocks were meticulously shaped for use
in constructing bridge piers. Initially, stone cutters extracted stones from the quarry and
cut them into geometric shapes and approximate sizes. Subsequently, the blocks were
transported to the workshop, where they underwent further cutting, shaping, and surface
polishing. One block bears a stone-cutting mark on its smooth surface, indicating that

these stone-cutting marks were made in the workshop.
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Fig. 1: The Bisotun bridge across the Dinavar Ab River (Photo by: B. Sedighi).
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Fig. 2: Location of the excavated trenches in relation to the bridge (Author, 2002).
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Fig. 5: View of the lime and brick-manufacturing kilns (Author, 2002).
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Fig. 6: Plan of the lime and brick-manufacturing kilns (Drawing by: Hamed Rezaei, 2002).
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Fig. 7: Brick-manufacturing kiln no. 1 (Author, 2002).
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Fig. 8: Plan of brick-manufacturing kiln no. 1 (Drawing by: Hamed Rezaei, 2002).
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Fig. 9: Transverse arches of a modern brick-manufacturing kiln in Kermanshah (Author, 2002).
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Fig. 10: Transverse arches of a modern brick-manufacturing kiln in Kermanshah (Author, 2002).
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Fig. 11: An air flue placed on the floor of lime and brick-manufacturing kiln no. 1 (Author, 2002).
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Fig. 12: Section A-A of lime and brick-manufacturing kiln no. 1 (Drawing by: Hamed Rezaei, 2002).
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Fig. 13: Section B-B of lime and brick-manufacturing kiln no. 1 (Drawing by: Hamed Rezaei, 2002).
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Fig. 14: Section C-C of lime and brick-manufacturing kiln no. 1 (Drawing by: Hamed Rezaei, 2002).
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Fig. 15: Section D-D of lime and brick-manufacturing kiln no. 1 (Drawing by: Hamed Rezaei, 2002).
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Fig. 16: Plan of lime-manufacturing kiln no. 1 (Drawing by: Hamed Rezaei, 2002).



u)\g@\m@:ﬁ\eo\g\:ﬂal WY |

o Bl Ae 5 Yo lawgro (sligg 5 ys0 ¥/¥e (slihd a0 lgseisl J5ls Jlais jgde g0
A gl c():..ou;(.}l_w YY=xYYyxY) u‘;LwLu/u}K.ﬁl Lngo”J WJLM: LSLQ’)'?'B e b S cowl
uLnJ..\.> 35_>L§ w0l od> ()ML;\.,LM: Y¥xY¥xD) 69-"’*"/@5‘13‘9 ().\.AUA.)LMJ YAxYAxA)
Sligg aSsysba s arwlS jlaud yope 5IVL a0l 5l a8 conl ysio pl 0 525 )lsno
ol g oyl A1 s e o s Yo o ol 50 9 e il Ao oyl caandd jo ol
LSLQP‘ 9 °)9—§u°9> CSwaisy ‘M) S l_: l) u|9.>:_m.;| (J9| :\_l>).o) kSH“"“’ )lHJ 9)]9.33 u_)]
099 yauro (IGS> (£39)9 d—’)'L’ )‘ L~Q(\.: U‘?M‘ d\_,-‘;w).hM’\) P9 :\_l>).o Jel ,\_»‘o.))f).: o>
V0 (slig epte Y/Ye (gl du ly gyl JUIS S ¢ sl 90,8y galais (gl adsyo il 5o Ll
:\b)n JLE oy JUE (ol slas L 0)950|55L£JTJ$|$)J o sl YO glails g e ool
o S8 salad 5510l 5o ccglas oo . ] uTw’mlf,.u solid L yassl g oy aus L Js
29 e ol ¥V JB glalad Ly Jg :\b)n JUE yo a8 gyebds ccanl JUK lguo slays
139925 (6500 JUE cpgo Ao (1519 (g5 iz o8 il yio 5L B poo Al ye JUK
STsn ol 2525 ol oulo b 0l (5hly0 31 20 VB Lt 5 0 3 o 3] (g0l s &S
JUE oain 095 .ol 48,8 11,8 00litnldyge ddopo duw 53 Gazdygn 8y5S 4S dad o LS
>g0 g 04D 0 «_S.wm dudblfd)‘g 0)956&0;}19 aS cowl J.ﬁj.) L)"‘ 4 Ulﬁx"‘j J_>L> 59
9 O.))SLL»_)).AMJ 0)95 LS)-.’)K‘Pﬁ‘) :Lb-)p e ! 04D g0 ]9Jb uL:)b- pi<c g L:buTuJ.w dgdawe
.)l,g} > 3g>9 9 03395 UM»L.\J ‘0)95:\.&5.3 SEIYSTEY Cewl 00 oolaswl gfdb]u.?u LS‘)-:’ OT)"
WS o dli Ty (eolpiin ()8 (lgmeial yoae rsu J3 1y y0 Lal

L5 20 ¥ B an (gygue slis Lo oV Bylocts B9 S wislom o) oyl (B ogin 88 50
S35 5wl anSe layas Tty Kiwasy cinsy SO Jolis ¢l Hlgud a8 015 51,8 e sl Yo
Cawd ) Slas (a8l L (ol 5,58 510l sy dasy Sal g puSls gylade Liad -yl
9 L;v.>9.w )Lj ])_:) ] 04D 3 J...Jy OT)Q LSQL’) u)lls} d_f.)..w)L;o )_‘aad.: Lol HGVWE)
0y55 Wlals cailsl gl 0)sS oy pdo :\.\09?:.4 3109 el 0000 o Jaly (Sew slacSel
‘C)lﬁ‘)—é ):A—MASB c0)95 LSLQO)"Jg cL.iL»JMY s)-‘}’[m lalad M O—~,|)‘> .JJ‘O»); OQL&J.»J‘
S eslojard S5y o0l ol (ol (g Jlis (g35ume lalad g o) 5] (lmodss
b olwlis  Sbbl 850 o slate 93081, w] dalad G g oddl Ol L dalad

Y 5yleis 89S -
s 0l (P JSb 48 nsl yg00 Loy 485 o (L2l2) (sloygss (slvoysS g 55 31 055 !
u_w‘)_uo Y/5e i Y/0o o 0)95‘_5_1>|\))_L:_9 OA 9 VY )_)9La_,) u_wl)_,w.bmb u_k>‘.> LSLAa_Q a
0)95 u_), i lw st.» (YL )_,9Lm) Cowl oJ._,Lou_Bl; e Y/Yoe UT L;Lm)b_,.) ‘_5‘\)\_&1’ )‘ 9
Lgk\.;lg L |) 0)95 dLﬁ)l%go O 9 o,\_:\fdld_}ls.)s) Lglmc,‘_&e‘.’a J_'>|J JERESI dbﬁb._:,:'
Slol o Wl 5 ausis slacass b yze ¥/¥e ol U il o § Swas¥ U (e 6l A
eyl ol 51 g o gl Yo s yio g0l Qe (glaidy s Lanyland (sligy aSlodus yio gl YOXYOXO
0 o> L;‘:\.SB)” le.bu_uq‘.a S L}J‘“‘})b"‘) su»_?u u_)‘)é sy 0 pio VA @YL} 4
lodds Jods e syl 4ol aylys cdeds Lalgss (31 clos slaccss ol
i ot 008 1ol BolS Lo a5y 53 9 000 39051 SL Laylans (ol - glaus
O mrdns s 48 )13 055 45 851 (59950 pf )50 B b sl (5 (59
Sl o glazn)yd 0ysS ot jlasd jo sl 0y9S il 51 oy o srooliiwl 31 S ol



|| WYy " oo i B3 i b ylily (sla sl sdlye |

LYY 05)0) ¥ bylauds (0 Sal )98 VY jguas
Fig. 17: Lime-manufacturing kiln no. 2 (Author, 2002).
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Fig. 18: Plan of lime-manufacturing kiln no. 2 (Drawing by: Hamed Rezaei, 2002).
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Fig. 19: Section A-A of lime-manufacturing kiln no. 2 (Drawing by: Hamed Rezaei, 2002).
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Fig. 20: Section B-B of lime-manufacturing kiln no. 2 (Drawing by: Hamed Rezaei, 2002).
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Fig. 21: Section C-C of lime-manufacturing kiln no. 2 (Drawing by: Hamed Rezaei, 2002).

5 ool 0 dolb d g sy cls oy (ol byl 53 55 s 5 od lsseisl a8
iy 55 elaya T 55 JUI Gl . len,8 sl |y (Seo JUIS 5 Slonls 51,3 K005,
6500 63T JUIS alolasly coysS (clmos;ly 5 Sal by JUIS s dguams 31 oy -ensl 00 001
L5 ool Lo pzes lgmetal Sy slans b (L3 JUIS cay kit Lo 5 05101 las Ly
sl s il s 5l Lol ST
S8 9 e VYo ylad o (59 il ) §)lons 858 diilod 0)5S gy (8 oo 2o 5
slind s Lo (VY ) sl jo sl 10 o (sLaylgas (slia 45 3515 51y 8 yze 5lus A
anSi e Uy o clylgad s 5 0058 o 0 |y 1055 o) 45 sl caniyi oyl 5o
. -Sslods sy i 5o calatel St yro 3l YAXVAXA § VEXY¥x oLl Lyl WJlw g
Syguods 45 ol o 5l Y¥xYTx0 lol b Lo Loyt sl sy Jolis 315 cles ol
53 ol 0sS oy sl 31 clasy Jolis o S g sl s 818 Lind ] o sy 5
2295 g0 0430 @yly> 51 (b (Sad g Ul 0l (55,0 45 )15 115 S Sl S Liad ol S35
Liad oyl ot oo i cnsl ey BB Lind oyl (g slylsnd (g9 (Sab g U iz o
ST ol slaylsns ol e yro Bl Bo (ghily 5 ¥0 (gligg 0 Vo (lilyo 4 28 Tsm
LglJ._:,:l Lol c.))b E.L:_m.a un.mw)}ﬁ..o w_ﬂyb o] 04 od> QS LSLQ)?TQ &mMYb
(o sl YAXYAXA olaol 40) ;2T 95 588 ), 8 L aS el celis o B L (oo shlo o
le3,S a8 e g drnSits ol Kiwas¥ L) o oy et Lol 51 oy sl 4B S IS
Liad ol 813 51 sl 2T 5 oy S casy 5 raS1e (oS )i (St Syl pogdle
s asciie Liad ol 3,518 0ol cawd
YExY¥xA g YYxYYxd Lgl_:a);j olyod;y dsey 5! =005 )5S B> JlBsd claasy jo
LayaT ol lieyd consl 08 (sliylans diseyond (sl s Ylaxst a8 wa  lulis yio 5l
2l sle s 53 9 slojgyd S5y an ol Jliw § olad g Jliw (59940 lalad
5 a8 amd o lis ol J51s Kal g 0yeS diis el cowdds Sal g Kiwais¥ 51 clodgs coyeS
ool (S sl (il 5 Cenge e (435%) 043 Seal sl (6l 35 0,9 o2



967 b | i [ 10 £ | any ooy ciodten | 48 ||

(YA ‘D-\J)&) A\ Z)Lo.&': Lg};th.gsb‘l' E)Qs)bS)b&Lnj‘ U:DLQJ Yy ):bya.'i

Fig. 22: View of the structure next to lime-manufacturing kiln no. 2 (Author, 2002).
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Fig. 23: A modern lime-manufacturing kiln near the Chehr village (Author, 2002).
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Fig. 24: Lime-manufacturing Kiln no. 3 (Author, 2002).
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Fig. 25: Plan of lime-manufacturing kiln no. 3 (Drawing by: Hamed Rezaei, 2002).
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Fig. 26: Section A-A of lime-manufacturing kiln no. 3 (Drawing by: Hamed Rezaei, 2002).
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Fig. 27: Section B-B of lime-manufacturing Kiln no. 3 (Drawing by: Hamed Rezaei, 2002).
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Fig. 28. An Ilkhanid coin discovered on the surface of lime and brick-manufacturing kiln no. 1 (Photo by: Elham
Afkari, 2022).
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Fig. 30: A brass seal recovered from grave  Fig. 29: Location of the excavated graves in Cemetery Layer 11
no. 8 (Photo by: Elham Afkari, 2022). (Drawing by: Ali A. Moradan, 2002).
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